committee of the National Center of Public Health Protection.
The concentration of saliva cortisol was followed on three hour intervals at the following time points: morning shift -06:00, 09:00 and 12:00; afternoon shift -12:00, 15:00 and 18:00; evening shift -18:00, 21:00 and 24:00 and night shift -24:00, 03:00 and 06:00. The participants were instructed to avoid food and liquids for 30 min before these time points. The cortisol samples were analyzed by radioimmunoassay using Spectria ( 125 I) radioimmunoassay kit (Orion Diagnostica, Finland). The withinassay CV ranged 0.8 to 5.2 % and the between-assay CV never exceeded 8%.
At the above time points the participants made ratings concerning stress, sleepiness and fatigue in a diary. The stress scale included nine response categories 8) , five included verbal anchors: 1 -very low stress (very calm and relaxed), 3 -low stress, 5 -neither low nor high stress, 7 -high stress (high tension and pressure), 9 -very high stress. The participants also rated their sleepiness during the shifts using Karolinska Sleepiness Scale (KSS) (1 -very alert, 3 -alert, 5 -neither alert nor sleepy, 7 -sleepy, 9 -very sleepy, fighting sleep, effort to stay awake), validated against physiological and behavioral measures 9) . Also during the shifts they rated on the feeling of fatigue by 9 point scale (1 -very fresh, 3 -fresh, 5 -neither fresh nor tired, 7 -tired, 9 -very tired). The Chrobach's α for the scales was 0.78.
At the end of every shift, the participants reported how their day had been in respect to different symptoms of stress. The questions were pointed towards feeling of tension, irritation, exhaustion, time pressure, difficulties in concentration (1 -not at all, 5 -to a large extent) and whether the workload was high and the rest not enough (1 -definitely enough, 5 -far from enough). The Chrobach's α for the scales was 0.66.
The participants filled in the Karolinska Sleep Diary (KSD) 10) . The ratings were made by 5-point scale (1 -poor sleep, 5 -no problems with sleep). A sleep quality index (SQI) was formed of questions "restless sleep", "ease of falling asleep", "sleep quality" and "sleep throughout". The Chrobach's α for the used scales was 0.70.
The coffee consumption and smoking were followed, too. Also the time between awakening and cortisol sampling was taken in account.
The statistical analyses were carried out with SPSS. Kolmogorov-Smirnov test was used to study the distribution of salivary cortisol and showed normal distribution (p>0.05). The effect of two within-subject factors: shift (morning, afternoon, evening, night shift) and time-of-day (beginning, middle, end of the shift) and between-subjects effect of rotation direction (forward/backward) of salivary cortisol and ratings of stress, sleepiness and fatigue were estimated using general linear model module for repeated measurements. The age of the studied subjects was included as co-variate in the statistical models. When the between-subjects effects showed significant interaction a comparison at each time point was made using t-tests. Daily symptoms of stress were followed with the general linear model module with a within-subject factor the shift, between-subjects effect -rotation direction. The effect of rotation direction on sleep was studied with oneway ANOVA.
Cortisol retained the typical diurnal pattern with high values in the early morning and lower secretion during the day (Fig. 1) . The effect of rotation direction on cortisol secretion did not reach significance (F (1, 22) =4.004, p=0.058), but the effect of the shift was highly significant (F (3, 66) =24.357, p=0.001) with higher cortisol secretion during morning and night shifts. Significant interaction of rotation direction with the shift was found (F (3, 66) =6.046, p=0.001), higher cortisol values were found during morning and night shift in the backward rotating group. The effect of time-of day was also significant (F (2, 44) =15.175, p=0.001), as well as its interaction with rotation direction (F (3, 44) =5.086, p=0.01). The t-tests of each time point showed significantly higher cortisol values (p<0.05) at 09:00 during the morning and at 03:00 during the night shifts in backward rotating group.
Stress ratings increased significantly with the time-ofday (F (2,44) =10.456, p=0.001) in both groups (Fig. 2) , reaching the highest level at the end of the shifts. Sleepiness differed significantly with the shift (F (3, 66) =17.833, p=0.001) with the highest scores in the night shift, followed by the evening ones. Sleepiness showed and effect of the time-of-day (F (2, 44) =15.813, p=0.001) and increased in both groups with advancing the shifts. Fatigue differed significantly with the shift (F (3, 66) =4.199, p=0.009) with the highest scores during the night shifts. Fatigue increased with advancing the shifts in all the shifts in both groups (the time-of-day effect was F (2,44) =21.056, p=0.0001).
Our data showed no significant differences between the two groups for the reported stress symptoms ( Table 1) . The sound engineers felt rather tense and irritated and very exhausted at the end of the shifts. Both groups found also that the work load was high and the rests during work not adequate.
The reported sleep duration did not differ between the two groups ( Table 1 ). The quality of sleep was worse in backward-rotating group in comparison to forward-rotating one. The backward rotating group also showed greater insufficiency of sleep, sleep fragmentation and early awakening, but the differences between the groups did not reach significance. The age of the studied subjects did not show interaction with the studied indices. The coffee consumption and smoking showed no differences between the groups. Also no significant differences in terms of the time between awakening and cortisol sampling were found between the groups. Considering cortisol and stress self ratings our data showed moderate stress levels with the studied sound engineers. The backward rotation was associated with higher cortisol values during morning and night shifts and worse sleep quality compared to forward one. Most researchers suggest that forward rotation produces less disruption of the circadian rhythm than backward one 6, 11) . There are data for lower amplitude and delay in the acrophase of some circadian indicators as oral temperature 6) . Our data showed higher salivary cortisol during morning and night shifts in backward rotating group in comparison to forward rotating one. The work places and job task of the two groups did not differ. No significant differences between the two groups in terms of work load, time pressure, etc. were observed. The groups did not differ in terms of gender (male/female ratio). The age of the studied subjects was included in the statistical model, but did not show effect on cortisol values. The coffee consumption and smoking showed no differences between the groups, as well as the time between awakening and cortisol sampling. Thus following the salivary cortisol our data indicate that fast backward-rotating shifts contribute to higher physiological stress.
Barton and Folkard 5) found more health and well-being problems only when the backward-rotating shift system involved quick returns, with less than 8 h between the shifts. Our data showed significantly higher cortisol values in morning and night shifts with the studied sound engineers working backward-rotating shifts even when the rest period between the shifts was more than 10 h. Also, the quality of sleep was worse in engineers working backward-rotating shifts. These data are in accordance with earlier findings 3, 13) . The disturbed sleep is considered as a common pathway connecting night shift work with adverse health effects, and the medium in between is the insufficient recovery 14) . The shift schedules vary considerably in the time they offer for recovery. The forward rotation offers an easier change for the human circadian system from early to later shifts and more time for recovery, while the backward rotation -less time for recovery, and as our data show contributes to higher physiological stress.
In conclusion higher cortisol during morning and night shifts, higher fatigue and worse quality of sleep in sound engineers broadcasting in a life show on fast backwardrotating shifts may be an indication of insufficient recovery.
